Advances in pharmacogenomic research and increasing industry interest in personalized medicine have important implications for the way that orphan drug policies are interpreted and applied. Concerns have been raised about the potential impact of pharmacogenomics and new genomic technologies on our understanding of how disease categories are delineated, and subsequently, how the concept of rare disease should be defined for the purposes of orphan drug policies. This article considers whether orphan drug legislation can be drafted in a way that will maximize benefits and minimize concerns relating to the impact of pharmacogenomics on orphan drug research and development. After reviewing the issues that may arise at the intersection of orphan drug policies and pharmacogenomics, this article will discuss the potential impact of pharmacogenomics at two critical points: orphan designation and approval of the drug product. At each of these points, the relevant aspects of current US orphan drug legislation are examined, focusing on the extent to which recent amendments may address concerns that have been raised previously. This analysis will then provide the foundation for a critical review and recommendations regarding the proposed new Canadian orphan drug framework.
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INTRODUCTION
the influence that genetic factors have on drug response, 12 has emerged from genomicsrelated research and the development of new diagnostic approaches based on biomarkers. 13 There is increasing interest in the pharmaceutical sector toward pairing pharmaceutical products with diagnostic tests that can stratify broader disease categories into rarer disease genotypes.
14 Significantly, a growing number of products in clinical development now rely on a clinical biomarker, 15 which suggests the mounting importance of pharmacogenomic-based drug development.
Advances in pharmacogenomic research and increasing industry interest in personalized medicine have important implications for the way that orphan drug policies are interpreted and applied. In the US, the Office of Orphan Products Development (OOPD) has indicated that pharmacogenomic products are treated the same as any other orphan drug submissions. However, concerns have been raised regarding orphan drug legislation generally and the impact of pharmacogenomics in this context in particular. 16 Some express concern that orphan drug incentives are not adequately targeted to the diseases with greatest unmet medical needs and that the ODA has favored the development of treatments for 'diseases that can, through 'omics data and technologies, be recast as rare, or belong to the larger, more lucrative therapeutic class of oncology products'. 17 Moreover, there are concerns that the ODA does not adequately distinguish between 'true orphan drugs' and "'Trojan" applicants that seek to co-opt the benefits for drugs that should not qualify as orphans ' . 18 However, in 2013, the FDA made a number of important amendments to the ODA Regulations that purport to address many of the challenges raised by the evolving drug development environment, including advances in pharmacogenomics.
The ODA has served as a model for legislation in a number of other jurisdictions, including Europe, Japan, and Australia. Although the legal framework implemented in these countries is similar, the definition of an orphan disease, the criteria which must be satisfied to obtain a designation of orphan status, the incentives provided to encourage the development of orphan drugs and the authorization process for orphan drugs, varies from jurisdiction to jurisdiction. Although for years the Canadian Government denied the need for the country to develop its own orphan drug policy, the government has recently reversed its policy and in December 2012, released a draft orphan drug policy for discussion. The release of the 2013 amendments to the ODA Regulations provides an opportunity to examine what lessons Canada can learn from the FDA's experience in drafting its own orphan drug policy, or indeed, whether a Canadian orphan drug policy is even necessary given the increasingly lucrative nature of niche markets.
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This article considers whether orphan drug legislation can be drafted in a way that will maximize benefits and minimize concerns relating to the impact of pharmacogenomics on orphan drug research and development. After reviewing the issues that may arise at the intersection of orphan drug policies and pharmacogenomics, this article will discuss the potential impact of pharmacogenomics at two critical points: orphan designation and approval of the drug product. At each of these points, the relevant aspects of current US orphan drug legislation are examined, focusing on the extent to which recent amendments may address concerns that have been raised previously. This analysis will then provide the foundation for a critical review and recommendations regarding the proposed new Canadian orphan drug framework.
Issues at the Intersection of Orphan Drug Policies and Pharmacogenomics
In recent years, many concerns have been raised about the potential impact of pharmacogenomics and new genomic technologies on our understanding of how disease categories are delineated, and subsequently, how the concept of rare disease should be defined for the purposes of orphan drug policies. The connections between orphan drug development and pharmacogenomics have been widely recognized. 19 It is estimated that over 80% of rare diseases are genetically-based, 20 so it makes sense that pharmacogenomics could play an important role in the discovery and development of new treatments for rare disease. A 2013 report by Thomson Reuters suggests that the tremendous growth in orphan drug development over the past decade coincides with the increasing focus on personalized medicine, and that orphan disease markets will 'propel the evolution of [personalized] medicine'. 21 As argued by Haffner and colleagues, ' [i]n an environment in which medicine is increasingly adapted to the needs of patients, the incentives of the Orphan Drug Act could arguably take on even greater importance'. 22 The Obama Administration's announcement in January 2015 of a $215 million investment to support 'precision medicine'-another term often used to describe 'personalized' approaches to medicine that 'take into account individual differences in people's genes, environments, and lifestyle' 23 -is yet another indication of the burgeoning importance of this area of research and development. Many pharmacogenomic drugs have already qualified for orphan drug status under the ODA, 24 although at present these drugs represent only a small fraction of the total number of products that have received orphan drug designation. 19 In certain cases, there may be a legitimate need to incentivize research into pharmacogenomic treatments that may only be effective in a particular subset of patients with a particular genetic biomarker. The Nuffield Council on Bioethics, for example, highlights that stratifying more common diseases into rarer disease genotypes may result in some patient subsets being so small that developing specific medicines targeting these groups may not be financially viable for drug developers. 25 In such cases, orphan drug policies may provide the necessary incentives to encourage pharmaceutical companies to develop medicines for these narrow populations, 26 perhaps even allowing drugs that would have otherwise failed to be targeted to a smaller subpopulation in which the drug is more likely to be safe and/or effective. On the other hand, there is concern that '[t]he nature of pharmacogenomics drugs may allow some pharmaceutical companies to game the system and abuse the ODA's built-in incentives for drug development'.
27
The ODA provides incentives to manufacturers at two stages. First, in the development phase, sponsors can apply for an orphan drug designation, which gives them access to a variety of support and incentive measures, including a tax credit of 50% for the costs of clinical research, access to the OODP's clinical research grants program, a waiver of FDA user fees, and development and regulatory assistance. 28 Second, if the drug is then approved, the manufacturer is granted a seven-year period of market exclusivity for the orphan indication(s) for which the drug is approved. This means that the FDA will not approve another drug for the same indication(s) during the exclusivity period, unless the holder of the exclusive license consents or cannot supply sufficient quantities of the drug, 29 or the other product is shown to be clinically superior (and therefore not the 'same' drug). 30 The exclusivity applies only to the approved orphan indication(s) and does not prevent the same drug from being designated or approved for a different use.
31
Pharmacogenomics can impact the way that the ODA operates at a number of points in the product lifecycle. First, the use of pharmacogenomics to identify patient subsets can impact the way that disease categories are defined, and thus the size of the target population for the purposes of orphan designation. As the science advances, 'the nomenclature and classification of disease is becoming increasingly complex' 32 and consequently, the number of potential orphan diseases appears to be on the rise. 33 Herder argues that 'new insights from genomics and epigenomics are rendering the boundary between common and rare disease increasingly mutable, potentially exploding the scope of legislated definitions of orphan disease'. 34 32 Maher & Haffner, supra note 5, at 77. 33 Id. at 78. 34 Herder, supra note 16.
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designation is only the first step toward market approval for an orphan drug product, and many orphan designated drugs never reach the market or are not ultimately approved for the orphan indication.
Second, pharmacogenomics can have an impact on the way that orphan exclusive approval is granted within the rare disease or condition, or orphan subset, for which the designation was given. Pharmacogenomics can contribute to the narrowness of approved indications because stratification of the disease may increase the specificity with which the approved indication is defined, and may lead to multiple, narrow approvals within a single orphan designated disease or subset. Further, pharmacogenomics can assist in drug 'repurposing' efforts-that is, 'the discovery of new useful activity in an older clinically used drug' 35 -allowing some drugs to achieve multiple orphan drug designations and approved indications. In these cases, orphan designation and exclusive approval may add to the profitability of a drug that has already been approved and widely marketed for other uses. The ODA thus provides an incentive for sponsors to invest in studying potential new uses of a drug for rare diseases.
PHAR MACOGENOMICS AND ORPHAN DESIGNATION
One concern that has long plagued the ODA is the potential for drug developers to exploit the benefits of the Act by artificially subdividing diseases to create subgroups of patients that fall under the orphan drug prevalence threshold 36 -a practice referred to as 'salami slicing'. A classic example of 'salami slicing' is the drug Epogen (epoetin alpha), which received an orphan designation from the FDA in 1986 for the treatment of anemia associated with end-stage renal disease. 37 After the drug was approved by the FDA in 1989, the drug became widely prescribed for a wide variety of patients with anemia, not only anemia caused by end-stage renal failure. Consequently, through off-label use-prescribing a drug for indications not formally approved by drug regulators-in patients without end-stage renal disease, Epogen became a blockbuster drug and generated billions of dollars in revenue for its manufacturer. 38 Loughnot argues that pharmacogenomics could potentially take 'salami slicing to a new level' 39 by allowing drug developers to 'genetically subdivide diseases that affect a large portion of the population into groups small enough to qualify for orphan drug status'. 40 The potential to stratify broader disease categories based on biomarker status significantly increases the potential number of orphan subsets that may be defined for the purpose of orphan designation. 41 The FDA acknowledges that 'what is considered a distinct "disease or condition" may change over time as scientific understanding evolves, which would affect prevalence determinations'. 42 Maher and Haffner point out that ' [w] hether such increasingly precise disease descriptions constitute separate diseases would normally appear to be an academic exercise, unless, as is now more often 35 the case, a specific therapy targeting a specific mutation is developed'. 43 That is, the very development of a new treatment can play an integral role in shaping the classification of a new rare disease or condition, or orphan subset.
The potential for 'salami slicing' is not a new concern, having been previously considered in earlier revisions of the US orphan drug legislation. In discussing the criteria for orphan drug designation, the 1991 notice of proposed rulemaking stated that a subset of a common disease or condition 'would qualify for designation only if the subset is medically plausible' and that 'arbitrary' subsets would be unacceptable. 44 However, the 1992 regulations offered little guidance on the meaning of this rather ambiguous phrase, providing only that the concept of 'medically plausible' is interpreted flexibly depending on the specific facts of each case. 45 Moreover, a request to further define the term 'arbitrary' in this context was rejected on the basis that 'every FDA decision on arbitrariness would necessarily be highly fact dependent'. 46 According to Herder, until recently, the addition in 1992 of the requirement that the disease in question be considered 'medically plausible' was the only relevant constraint that has been adopted by the FDA to distinguish between 'rare diseases that have long been identified as such' and 'those which have been reclassified as rare by virtue of new scientific insights'. 47 The question of orphan subsets was addressed again, in more detail, in the most recent regulatory amendments. In the 2011 notice of proposed rulemaking, the FDA acknowledged that '[b]ecause the term "medically plausible" has not been further clarified through regulations or guidance, it has been misinterpreted to mean any medically recognizable or any clinically distinguishable subset of persons with a particular disease or condition', and that inappropriate application of the 'medically plausible' concept could result in artificially narrow subsets. 48 Although it can certainly be beneficial for manufacturers to develop more effective treatments for some subsets of common diseases and conditions, it could be said that this departs from the original intent of the ODA to target very rare diseases that currently lack any effective treatments. 49 Indeed, the FDA believes such an interpretation would frustrate the intent of the ODA and divert resources away from research and development of true orphan drugs by allowing 'a non-rare disease or condition to be artificially subdivided into smaller groups for establishing subsets that are under the prevalence limit for designation'. 50 The FDA therefore proposed to amend the regulation 'to remove the term "medically plausible"... and instead provide a description of how an appropriate subset may be identified for the purpose of orphan drug designation'. 51 The Final Rule adopted in 2013 added a definition of 'orphan subset' to clarify that an appropriate subset may exist where 'use of the drug in a subset of persons with a non-rare disease or condition may be appropriate but use 43 
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of the drug outside of that subset (in the remaining persons with the non-rare disease or condition) would be inappropriate owing to some property(ies) of the drug'. 52 The FDA insists that the 2013 amendments are consistent with the agency's longstanding approach to identifying 'medically plausible' subsets. 53 Some may continue to question how effectively the FDA can distinguish between 'true' and 'artificial' subsets of disease, particularly since evaluation of orphan subsets is complex and is often based on uncertain evidence. 54 Herder further notes that '[p]olicing the artificial creation of orphan diseases may be difficult given the potential information asymmetries between the FDA and the companies it regulates'. 55 If there were significant concerns about the FDA's previous approach, the fact that it maintains that the new language is consistent with this approach may undermine confidence in the potential for the new language to better distinguish between 'real' and 'artificial' groups. However, an analysis of the revised wording, along with some examples of subsets that have been accepted or rejected by the FDA, suggests that these concerns may have been mitigated somewhat.
Defining Orphan Subsets in the Pharmacogenomic Context
In the 2013 Final Rule, although the FDA accepted that 'biomarker-based and other targeted treatments' could be used to define subsets, it expressly rejected the proposition 'that an orphan subset can exist whenever there is a basis for using the drug in the subset of interest, regardless of whether the drug can also be used in the remaining persons with the disease or condition'. 56 At the core of the analysis is consideration of the 'property or properties of the drug that preclude its use in the remaining persons with the non-rare disease or condition, outside of the orphan subset [emphasis added]'.
57
According to the stated approach of the FDA, sponsors have to not only demonstrate 'why this subset ... should be targeted for an orphan drug treatment', 58 but also why the drug cannot also be used outside the subset. The 2013 amendments provide specific guidance as to what factors may or may not inform whether an appropriate orphan subset exists.
Many aspects of this guidance are directly relevant to the pharmacogenomic context. This is likely due to the fact that that much of the new wave of concern around 'salami slicing' has arisen from the impact of new genomic technologies on the classification of rare diseases and conditions. First, the 2013 Final Rule provides that where a drug's mechanism of action suggests that the drug would not have significant activity outside of a subset of patients with a particular type of tumor or biomarker, this may establish an orphan subset.
59 This is directly relevant to pharmacogenomic therapies which target specific biomarkers or tumor mutations. Second, the Final Rule indicates that where previous clinical experience with the drug indicates that the drug does not demonstrate significant activity in a particular subset of patients, this may inform whether an Orphan drug incentives in the pharmacogenomic context r 271 acceptable orphan subset exists. 60 Pharmacogenomic research can assist in the identification of patient subsets that are more likely to respond to drug therapy. Third, the Final Rule lists the drug's toxicity profile as a relevant factor in defining orphan subsets. For example, patients with a particular non-rare disease or condition who 'are refractory to, or intolerant of, other less toxic drugs' could be a subset for the purposes of a more toxic drug, whereas other patients with the same disease or condition would not be appropriate candidates for that drug. 61 Pharmacogenomic research is often used to identify those patients who may be at a higher risk of adverse drug reactions due to their genetic profile.
62
The FDA may grant multiple orphan designations for a particular disease or orphan subset-indeed, this has become common practice. 63 However, it is worth noting that the FDA's acceptance of an orphan subset for one drug does not mean that the same subset will be accepted for subsequent applicants. The FDA states that the prevalence estimate may be narrowed owing to one or more properties of the drug that allow for the existence of an orphan subset [emphasis added]'. 64 That is, although a particular orphan subset may be designated for a given drug product, this same orphan subset may be rejected for another drug because the appropriateness of the subset is evaluated separately based on the specifics of each drug.
Similarly, the factors that are not sufficient to define an orphan subset are informative in the pharmacogenomic context. The 2013 Final Rule also notes that clinical trial eligibility, a sponsor's plans to study the drug only for a 'select indication', the particular grade or stage of a disease, or a low likelihood of use in a broader population are not sufficient in themselves to establish an orphan subset. 65 With pharmacogenomics, biomarkers can be used to prospectively select patient subpopulationsa strategy known as enrichment of the study population-that are more likely to respond to a given drug therapy so that the treatment effect is more likely to be detected.
66
In such cases, later-stage studies may only be conducted in patient groups with a particular biomarker status. According to the FDA, restricting clinical trial eligibility to biomarker-positive patients, or only choosing to study the drug in a particular patient 60 Id. 61 'make public its finding on the acceptability of specific prevalence data to reduce uncertainty about designation requirements'. In rejecting the idea of publicly disclosing prevalence data, the FDA also noted that 'such an approach would unfairly allow subsequent sponsors to get a "free ride" in designation requests'. subset, is not sufficient to establish an orphan subset. Again, the sponsor is required to show not just that the drug is more effective or less likely to cause adverse effects within the subset population, but also that the difference between the subset and the larger group is sufficient to prevent the drug from being a viable treatment option for patients in the larger group. As such, this approach does show some potential for limiting what could be seen as abuse, particularly since the sponsor bears the burden of showing that drug is inappropriate for use outside of the orphan subset. 67 Loughnot suggested in 2005 that 'the increased precision that pharmacogenomics brings to pharmacology might eventually help provide the FDA with the ability to define "medically plausible"'. 68 Ultimately, as the science advances, pharmacogenomics will likely increase not only the number of potential rare diseases and orphan subsets, but also the precision with which these diseases and subsets may be delineated. As noted by Haffner and colleagues, 'advances in genomics and proteomics have led to increasingly precise disease definitions'. 69 As advances in pharmacogenomics increase the ability of researchers to measure non-response, this may raise the bar for sponsors who are trying to establish an orphan subset. Maher and Haffner note that 'a clearer understanding of drug non-response is often revealed when response is stratified'. Consequently, as the lines between response and non-response are more clearly defined, orphan subsets will hopefully become less prone to manipulation.
Current Evidence of Subdivision based on Pharmacogenomics
Concerns about the potential for pharmacogenomics to increase the practice of 'salami slicing would primarily arise in circumstances where the prevalence of the broader disease category is over 200,000 cases in the US, but the prevalence of the 'medically plausible' subtype is less than 200,000 cases. There are a few cases where a pharmacogenomic-based biomarker was likely a determinative factor in bringing an orphan subset below the prevalence threshold. For example, although non-small cell lung cancer accounts for 85% 70 of the approximately 400,000 cases of lung cancer in the US 71 -thus placing the disease well above the orphan designation threshold-in 2010, Xalkori (crizotinib) received an orphan designation for the 'treatment of ALKpositive, MET-positive, or ROS-positive 72 non-small cell lung cancer'. In this case, the biomarker status of the non-small cell lung cancer (ie ALK-positive, MET-positive, or ROS-positive) appears to have been the factor that brought the indication under the prevalence threshold to qualify for orphan drug status. 73 As another example, in 2011, there were some 960,000 Americans living with melanoma, 74 but in 2010, Zelboraf (vemurafenib) received an orphan designation for the 'treatment of patients with IIb to Stage IV melanoma positive for the BRAF (v600) mutation'. 75 If, as the 2013 amendments suggest, the stage of disease alone is usually not sufficient to define an appropriate orphan subset (see below), then the biomarker selection for the BRAF(v600) mutation appears to be important to bringing the target population below the 200,000 patient prevalence threshold.
In clarifying their longstanding approach to eligibility for orphan subsets, the guidance provided by the FDA in the 2013 amendments may help to decipher the reasons behind their decisions to deny orphan drug designations to some pharmacogenomic drugs in the past. For example, before receiving approval for the breast cancer (specifically, HER2-positive metastatic breast cancer) drug Herceptin (trastuzumab) in September 1998, its manufacturer, Genentech, applied for orphan drug status with the FDA, but the designation was denied. At the time, there was an estimated 165,000 metastatic breast cancer patient in the US, of whom approximately 30%, or 49,500 people, had HER2 overexpressing tumors 76 -well below the 200,000 cut-off for orphan drug designation. However, the FDA denied Herceptin orphan drug status. 77 While the exact reason for the denial was unclear, the OOPD indicated that the most common reasons for refusal is disagreement between drug sponsors and regulatory authorities over how the target population is defined. 78 In 2002, Shah suggested that Herceptin was most likely not approved for orphan designation 'because the size of the population of HER2 overexpressers was underestimated, as it is overexpressed in cancers other than that of the breast'. 79 In particular, it was clear from the success of clinical trials that Herceptin could potentially also be used in the treatment of a range of other possible cancers including bladder, pancreatic, ovarian, colorectal, and prostate. 80 However, it seems unlikely that the possibility of treating multiple types of cancer with Herceptin was in fact the reason for the denial since in the 2013 Final Rule, the FDA explicitly states that '[a] drug that shows promise in multiple, different rare diseases or conditions may be eligible for multiple designations, one for each disease or condition, because FDA considers the prevalence within each disease or condition'. 81 81 The FDA provides the following example of when the same drug may be eligible for three separate orphan designations: 'One for the treatment of ovarian cancer, one for the treatment of multiple myeloma, and one more likely that the reason for the denial was that the stage of the disease (metastatic, or Stage IV breast cancer) was not an acceptable subset to limit the target population since 'FDA currently considers Stage I breast cancer to be the same "disease or condition" as Stage IV breast cancer when evaluating orphan drug designation requests for products that treat breast cancer'. 82 Since breast cancer was estimated to affect nearly three million women in the US in 2011, 83 the sponsor presumably failed to demonstrate that the drug would not be effective in a broader subset of patients (ie in HER2-positive breast cancer in other stages).
In most cases, stratification based on genetic biomarkers does not appear to be necessary to bring the target population below the 200,000 patient threshold; pharmacogenomic data is often used to stratify diseases that are already rare enough to be eligible for orphan designation. Indeed, Greenbaum notes that 'the vast majority of pharmacogenomics drugs fall within the literal definition of an orphan drug'. 84 That is, most orphan designations that have been granted for pharmacogenomic drug products are for diseases where the broader disease category already falls below the 200,000 person threshold, such as chronic myelogenous leukemia 85 , pancreatic cancer 86 , or acute lymphoblastic leukemia. 87 Moreover, biomarker status is only one of many different factors that can be used to subdivide disease categories. Most rare diseases and orphan subsets granted orphan designation are already subdivided based on a wide range of factors such as chronic or acute state, age of the target population (eg adult vs. pediatric), or the underlying cause of disease, just to name a few.
Only once a larger body of examples is available to examine will it be possible to fully assess to what extent the ODA remains open to abuse through 'salami slicing'. The clarification provided in the 2013 Final Rule does seem to reduce the potential for abuse, and experience to date seem to suggest that instances in which subsets are artificially created to bring products below the orphan drug prevalence threshold will be fairly rare; in most cases, subdivision based on biomarkers may be entirely legitimate. While this is an issue that should continue to be monitored, other jurisdictions, like Canada, can learn from the FDA's recent efforts to define the orphan subset concept in a way that minimizes the potential for abuse.
PHAR MACOGENOMICS AND ORPHAN DRUG APPROVAL
Concerns about the potential misappropriation of orphan designation through salami slicing may be tempered by the fact that obtaining an orphan designation is only the first step toward market approval. While many of the benefits under the ODA accrue as soon as an orphan designation is received (namely assistance in clinical trials, the 50% tax credit for clinical trial costs, and access to federal grants), these benefits will ultimately be of little value if they do not lead to market authorization for the indication (or a subset thereof) for which the orphan designation was granted. The seven-year market exclusivity, also known as orphan exclusive approval, is arguably the most important incentive for drug developers seeking orphan designation.
88
The bar for obtaining orphan designation is significantly lower than that for obtaining market approval and only a small fraction of orphan designated drugs ever reach the US market. 89 As noted by Maher and Haffner, '[e]valuation of [a request to consider a subset of a prevalent disease for orphan designation] frequently rests on both incomplete knowledge of disease etiology and uncertain therapeutic mechanism of action, and is both difficult and complex'. 90 For example, as of 2012, there had been 2661 successful orphan product designations granted by the FDA, which had led to 408 approved orphan products (representing about 15% of orphan drug designations). 91 As with other orphan drugs, only a portion of pharmacogenomic drugs that receive an orphan designation are approved for the US market, though the proportion of designated pharmacogenomic-based drugs ultimately approved appears to be somewhat higher than for other classes of drugs.
92
Once a drug that has been granted orphan designation is approved for a rare disease or condition, the market exclusivity provisions in the ODA prevent the FDA from approving 'such drug for such disease or condition' for a period of seven years from the date of approval, unless the holder of the first approval consents or cannot supply sufficient quantities of the drug. 93 The regulations specify that once a designated drug receives exclusive approval, 'no approval will be given to a subsequent sponsor of the same drug for the same use or indication for 7 years' unless one of the exceptions applies. 94 The phrase 'same drug' is defined by regulation to mean a drug that contains the same active moiety or principal molecular features as a previously approved drug and is intended for the same use. 95 However, the regulations specify that a subsequent drug is not the 'same drug' if it 'can be shown to be clinically superior to the first drug'. 96 The regulations define a 'clinically superior' drug as one that 'is shown to provide a 88 276 r Orphan drug incentives in the pharmacogenomic context significant therapeutic advantage over and above that provided by an approved drug', through greater safety, efficacy, or other 'major contribution to patient care'.
97
A sponsor can obtain an orphan designation for a previously approved drug for the same rare disease or condition if it 'can present a plausible hypothesis that its drug may be clinically superior to the first drug', 98 and then can receive its own exclusive orphan drug approval if it can demonstrate this clinical superiority. 99 The 'plausible hypothesis' of clinical superiority standard for orphan designation is easier to establish than the 'clinical superiority' standard required for orphan exclusive approval. According to the FDA, 'development of improved versions of existing drugs ... is achieved through liberally granting designation based on a plausible hypothesis of clinical superiority, allowing drugs to benefit from development incentives that flow from designation'. 100 Maher and Haffner note that 'unlike the FDA market approval review, the orphan designation review takes place at an earlier stage of product development, sometimes even prior to any clinical studies having been performed'. 101 It is also worth noting that demonstration of clinical superiority at the approval stage need not be on the same basis as the hypothesis presented at the designation stage. 103 Other drugs with the same active ingredient (gabapentin) had previously been approved and marketed for the same indication (post-herpetic neuralgia). Having provided a plausible hypothesis of clinical superiority over these earlier products, Gralise was granted orphan drug designation. However, FDA refused to grant exclusive approval because the sponsor had not proved the clinical superiority of its product. None of the previously approved products had received orphan drug designation, however, so Depomed argued that the clinical superiority requirement should not apply. Looking at the relevant statutory provisions, the District Court found that a plain-language reading of the ODA mandates the FDA to 'recognize exclusivity for any drug that the FDA has designated [as an orphan drug] and granted marketing approval'. 104 It was therefore not open to the FDA to impose the additional requirement of proving clinical superiority as a condition of granting exclusivity. As a result, the FDA was ordered by the District Court to grant orphan drug exclusivity for Gralise 'without requiring proof of clinical superiority or imposing any additional conditions on Depomed'. 105 It is important to note that the District Court's decision expressly acknowledges that FDA can still impose conditions for orphan drug designation because it has been granted the authority in the ODA to make regulations on this issue.
106 Therefore, the FDA can still use clinical superiority to determine whether a drug for which orphan drug designation is sought is the same drug as one previously designated and approved. In the Court's view, this should allay FDA's concerns that removing the clinical superiority requirement for exclusive approvals could lead to sponsors 'evergreening' or obtaining 'serial exclusivity' for their products (an issue discussed in more detail in the next section), contrary to the policy goals of the ODA. 107 A sponsor can only obtain orphan drug exclusivity for a product that has been designated as an orphan drug, and the FDA can deny this designation to the sponsor of a drug that is the same as (ie not clinically superior to) a previously approved drug.
Following this decision, in December 2014, the FDA issued a 'clarification of policy' in which the Agency stated that the District Court decision was limited to the specific case of Gralise and that as such, the Agency will continue to apply its existing regulations which 'require the sponsor of a designated drug that is the "same" as a previously approved drug to demonstrate that its drug is "clinically superior" to that drug upon approval in order for the subsequently approved drug to be eligible for orphan drug exclusivity'. 108 This seems to be a fairly aggressive position, considering that the District Court's decision questioned the FDA's authority to impose these conditions on exclusivity, and has led to considerable speculation about its implications. 109 The issue is unlikely to be definitively resolved unless and until these issues are relitigated in further court challenges or appeals. While considerable uncertainty remains, the specific implications for the issues discussed in this article may be limited, given that FDA's authority to set conditions for orphan drug designation remains undisturbed, and the specific factual context of the Depomed case-where the same drug had been previously approved but not designated as an orphan drug-are quite unusual. 
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Incentivizing Reformulation and Repurposing
The pharmaceutical sector is fiercely competitive and brand name drug companies are always seeking ways to squeeze more profits out of drug products, particularly those that are approaching patent expiry or that are no longer under patent protection. A common tactic is to seek new periods of patent protection or market exclusivity by discovering new uses or new target populations for existing drug products-a strategy often referred to as 'repurposing'. The National Institutes of Health in the US have described repurposing 'as a key initiative to fight against stagnation in drug development'. 111 In particular, repurposing is an important strategy in the development of therapies for rare diseases: 'The sheer number of unmet medical needs to be found among orphan and rare disease suggests that drug repurposing among existing clinically used drugs may be a major solution to this societal medical need'. 112 In addition, drug developers may seek to reformulate or improve upon existing drug products in order to qualify for a new period of market exclusivity. It is worth noting that once the patent and market exclusivity periods have expired on a pharmaceutical product, anyone may seek an orphan designation and orphan exclusive approval for that product. 113 
Evergreening, Clinical Superiority and Multiple Approvals
A common means of extending the lifecycle of a patented drug product is through drug reformulation where a drug company modifies the characteristics of an existing drug product enough to qualify for a new patent or period of data exclusivity.
114 Pharmaceutical companies are often accused of 'evergreening' their products by making trivial and needless modifications to patented medicines in order to extend the term of patent protection or exclusivity. The FDA has acknowledged that one of the potential concerns with allowing new periods of orphan exclusivity for an already approved drug is that it 'could permit inappropriate "evergreening" of exclusive approval periods' by allowing a sponsor to apply for a new designation (and then exclusive approval) near the end of a previous exclusivity period. 115 As noted by the FDA "'evergreening" would allow orphan exclusivity to be extended indefinitely for the same drug for the same use without any meaningful benefit to patients, a result at odds with the seven-year exclusivity period provided by the statute'. 116 However, reformulation is not considered to be inappropriate if the sponsor can demonstrate clinical superiority; 117 a sponsor that improves its own previously approved drug can be eligible for a new exclusivity period if clinical superiority is shown. 118 As the FDA notes, the requirement of clinical superiority is intended to encourage 'the development of potentially safer and more effective orphan drugs-rather than encouraging minor modifications to already approved drugs that confer no meaningful benefit to patients.'
119 Indeed, if the intent is to create incentives to improve treatment options, then arguably it shouldn't matter who develops the clinically superior alternative, whether the original sponsor or a competitor. In this way, the ODA may incentivize research into improved versions or new applications of existing drug products for a rare disease or condition.
It is important to note that the scope of the market exclusivity is determined by the approved indications, not by the orphan designation. The FDA generally grants orphandrug designation for use of a drug in all patients with a rare disease or condition and expects sponsors to seek approval on this basis, but sometimes the approval will be narrower if the data submitted only supports use in a subset of patients or indications. 120 In the 2013 amendments, the FDA set out to clarify the scope of market exclusivity by replacing the term 'subset [of uses]' with 'select indication(s) or use(s)'. The regulations now provide that if orphan exclusive approval 'is limited to only particular indication(s) or uses(s) within the rare disease or condition for which the drug was designated, FDA may later approve the drug for additional indication(s) or uses(s) within the rare disease or condition not protected by the exclusive approval'. 121 That is, the sponsor may obtain multiple periods of seven-year market exclusivity for each approved indication or use that falls within the orphan designation. Each new period of market exclusivity will begin to run from the date of approval for the new (ie not previously approved) indication or use 122 thus staggering the market exclusivity based on the approval date of each new orphan indication. 123 Loughnot expresses concern that pharmacogenomics could contribute to evergreening tactics by 'help[ing] identify patients who are susceptible to adverse drug reactions', allowing a sponsor to 'create significantly better clinical trial results without altering a drug at all' by including only patients who are less likely to have adverse reactions. 124 This tactic of 'enriching' clinical trial populations with patients who are most likely to benefit from the drug under study has become common practice in the 119 Id. 120 Id. This is distinct from the idea of 'orphan subset' discussed above because in this case we are looking at specific uses or indications within a rare disease or condition, whereas an orphan subset is a low-prevalence subset within a non-rare disease or condition-Proposed Rule 2011, supra note 48, at 64,871. . Cystic fibrosis is a complex disease that may be caused by over 1800 different genetic mutations of a particular gene. Kalydeco is currently only approved for very specific indications within the cystic fibrosis designation: in 2012; Kalydeco was approved for a limited group of patients with a particular mutation of the gene that causes cystic fibrosis (G551D mutation). Subsequently, in Feb. 2014, Kalydeco was approved for the treatment of patients with eight additional cystic fibrosis mutations (G551D, G178R, S549N, S549R, G551S, G1244E, S1251N, S1255P, and G1349D 
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development of pharmacogenomic products, as well as in other areas of drug development. As noted above, the 2013 amendments make clear that for the purposes of orphan designation, clinical trial eligibility and the decision to only study the drug in a particular patient population are insufficient to establish an acceptable orphan subset. 125 Subsequently, at the approval stage, if the issue is the sponsor attempting to 'evergreen' an existing orphan exclusive approval on its own product, simply retargeting a drug at a narrower patient population within an already approved orphan indication would likely not be sufficient to obtain a new period of market exclusivity. An already approved drug could be targeted toward an unapproved indication within the orphan designation, since the ODA clearly permits multiple approvals within a designation. However, this would not be 'evergreening' per se since the approval would be for a new indication.
It is common for an orphan designated drug to be ultimately approved for a narrower indication than was set out in the designation. For example, the pharmacogenomicbased drug Xalkori (crizotinib) initially received orphan designation for the treatment of ALK-positive, MET-positive, or ROS-positive (three different types of biomarkers) non-small cell lung cancer but has so far only received FDA approval for treatment of ALK-positive non-small cell lung cancer. 126 A broader orphan designation widens the potential scope of orphan exclusive approvals that may be obtained under a single designation; if the scope of the orphan designation is too narrow, additional designation will likely need to be obtained.
As noted above in the context of orphan designation, pharmacogenomics may both multiply the number of potential rare diseases and orphan subsets that may be designated and increase the precision with which these diseases and subsets may be defined; '[w]ith therapies becoming increasingly guided by a more complete understanding of both genomics and proteomics, the number of potential orphan diseases should be expected to increase '. 127 Similarly, at the approval stage, pharmacogenomics may narrow the scope of approved indications within a designated rare disease or subset since the approval may specify increasingly precise conditions of use or target populations. Accordingly, pharmacogenomics may increase the trend toward having multiple orphan approvals within a single orphan designation since pharmacogenomics increases the stratification of disease and the specificity with which disease subtypes and/or subpopulations may be defined. Nonetheless, as discussed in the next section, the potential for off-label prescribing may erode the distinction between approved and unapproved indications within an orphan designation.
Pharmacogenomics and Repurposing
Through subgroup analyses, pharmacogenomics can assist in drug repurposing efforts by identifying new targets for treatment or pinpointing patient subpopulations in which an existing drug may be more effective. As Greenbaum notes, '[n]ew technological 125 Final Rule 2013, supra note 42, at 35,120. 126 Some orphan approvals are even more specific. For example, nilotinib (Tasigna) initially received an orphan designation for the 'treatment of chronic myelogenous leukemia', but ultimately received market approval for 'chronic phase (CP) and accelerated phase (AP) Philadelphia chromosome positive chronic myelogenous leukemia (CML) in adult patients resistant to or intolerant to prior therapy that included imatinib'. US Food and Drug Administration, supra note 63. 127 Maher & Haffner, supra note 5 at 78. tools are now being used to determine if there are additional targets of current drugs on the market, or so called "off-targets"'. 128 Such repurposing is an example of 'retrospective' pharmacogenomic drug development, where sponsors can use data generated in previous clinical trials to identify potential new indications. 129 In addition, pharmacogenomic research may be able to 'rescue' drugs that may have failed all comer clinical trials by defining a more appropriate patient population and conducting enriched clinical trials; traditional randomized clinical trials may mask treatment efficacy by including participants for whom the drug has poor efficacy. 130 Further, pharmacogenomics enables genetic profiling of subpopulations at an increased risk of adverse drug events. The FDA, for example, has acknowledged that if 'new science enables us to determine that the adverse events are restricted to a small, identifiable segment of the population, public health could be improved by making the drug available to others who could benefit without undue risk'. 131 Consequently, pharmacogenomics may even allow drugs that have been withdrawn from the market due to rare but serious adverse events to be reintroduced for a specific subpopulation under more restricted terms of authorization.
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A previously approved drug may receive an orphan designation for an unapproved use, regardless of whether the previous approval was for a rare or non-rare disease or condition.
133 Even where a drug was previously approved for a common indication, it can receive orphan designation for a different indication that qualifies as an orphan disease, and manufacturers can be granted market exclusivity for an off-patent drug for orphan indications. The support and incentives provided under the ODA may result in 'previously discarded treatments being revived' 134 or in new orphan applications for already successful drug products. Haffner and colleagues note that orphan exclusive approval under the ODA is important for the development of older drugs 135 -namely, drugs that are no longer covered by patent protection. Sponsors may be able to maximize the sales potential for existing drugs by obtaining new orphan designations. The FDA has explicitly stated that '[a] drug that shows promise in multiple, different rare diseases or conditions may be eligible for multiple designations, one for each disease or condition, because FDA considers the prevalence within each disease or condition'.
of orphan drugs analyzed in one study had subsequent launches for additional rare diseases.
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The FDA openly encourages drug developers to pursue orphan indications for drugs that have already been approved for more common conditions. The OOPD has created a database of products that have received both orphan status designation for a rare disease and a market authorization for the treatment of more common diseases. This database 'offers sponsors a useful tool for finding special opportunities to develop niche therapies that are already well-advanced through development' and thus 'represent a far "easier lift" to drug developers than beginning with an untested new therapy compound'. 139 Even drugs that have achieved blockbuster sales in broad patient markets may be eligible for orphan designation where that same drug can also be used to treat an orphan condition. Indeed, the FDA has granted orphan designation to over 100 drugs with existing approvals for more common diseases, 140 including to some highly successful blockbuster drugs such as Prozac (fluoxetine), 141 Viagra (sildenafil citrate), 142 and Neurontin (gabapentin). 143 However, of these only gabapentin has received market authorization for an orphan indication.
It is problematic when incentives are used in situations where they are not intended or needed-which could be the case where orphan drug policies-intended to encourage sponsors to develop products that would not otherwise be financially viable-are used simply to enhance the profitability of products that would already viable without any incentives. In these situations, concerns of abuse or exploitation may be raised. The ODA does not consider the previous profitability of the drug in determining whether a new orphan application should receive an orphan designation, and subsequently, orphan exclusive approval. 144 Rather, the ODA is aimed at encouraging the development of orphan treatments that would otherwise not be developed. Even if a drug had already achieved blockbuster sales for another indication, this does not necessarily translate into making it financially viable to pursue new orphan indications for the drug product since this additional research and development can entail significant cost. Thus, the incentive to investigate and test the drug's potential for a particular indication could be necessary and useful, even if the drug is already profitable. Therefore, on balance, it is legitimate to allow orphan designations for drugs previously approved for other indications, including common diseases. It is quite fair to say that '[f]rom the perspective of the patient with a rare disease, whether a drug is also effective in treating a more prevalent disorder is irrelevant'. 145 From this perspective, anything that could encourage a sponsor to identify and test the drug as a potential therapy for the patient's condition might be beneficial.
Finally, as noted above, the potential for off-label prescribing may erode the value of the orphan drug exclusivity: although manufacturers are prohibited from marketing drugs for off-label uses, physicians are free to prescribe drugs off-label, 146 potentially allowing generic drugs to be prescribed for indications that are protected by orphan exclusivity. Typically, generic drugs must have the same labeling as the innovative drug product to which they are compared in their application for market approval. 147 However, where the innovator has patent or exclusivity protection for a particular use or condition, if the generic copies these protected elements in the innovator's labeling, they risk an infringement action. 148 However, the generic may seek permission from the FDA to 'carve out' the protected language, which would theoretically limit the generic's market to conditions or uses that are not covered by patent or exclusivity rights. 149 While a detailed discussion of the carve-out policy is beyond the scope of this article, it is worth noting that these provisions could potentially undermine an innovator's incentive to pursue repurposed orphan applications for existing drug products. As noted by Mahn, innovative drug companies are 'concerned that the "carve out" rule, coupled with the practice of prescribing and substituting generic drugs "off label", threatens their ability to recover the large investments needed to discover new uses or to improve the safety or efficacy profiles for old drugs'.
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PROPOSALS FOR A CANADIAN ORPHAN DRUG FRAMEWORK
In the past, suggestions that Canada consider a US-style orphan drug framework had been rejected by Health Canada on the basis that sufficient flexibility and incentives already existed in the Canadian legislation. 151 In a 1997 policy statement, Health Canada cited several mechanisms which could be applied to orphan drugs, including tax incentives, fee reductions for drugs with small market potential, and access to unapproved drugs through the Special Access Program. Health Canada concluded that these mechanisms were sufficient because approximately 60% of US-approved orphan drugs were available in Canada. 152 They further noted that 'the number of persons with rare diseases in Canada may not be sufficient to support substantial clinical trial research and development in the area of Orphan Drugs'. 153 Currently, Canadians may access orphan drugs through the Health Canada's Special Access Program, by participating in clinical trials, or where the drug has been approved through the regular drug approval process. 154 Interestingly, the 1997 policy statement by Health Canada reported that '[t]here has not been significant pressure from industry or special interest groups in Canada to develop an Orphan Drug policy'. 155 Recently, however, there have been renewed calls for an orphan drug policy in Canada. The Canadian Organization for Rare Disorders, for example, has argued that without an orphan drug policy, manufacturers have no motivation to seek market approval for orphan drugs in Canada and consequently, 'Canadians with rare disorders run the risk of being among the last in the developed countries to gain access to new medicines, if at all'. 156 BIOTECanada, the national association representing the biotechnology industry, also strongly supports the development of a Canadian orphan drug framework, stating that the initiative 'will help Canada to compete in attracting investment to nurture [orphan drug] products into the marketplace, and see new Canadian solutions for unmet medical needs developed in Canada'. population, it may be timely to consider implementing a legislative framework to facilitate access to these drugs'.
158 According to the Canadian Organization for Rare Disorders, Health Canada's proposed orphan drug framework would be 'the first step towards Canada taking a leadership position in personalized medicine'.
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Despite its earlier position that there was no need for an orphan drug policy in Canada, in October 2012, the federal government announced its plans to develop an orphan drug framework for the designation, authorization and monitoring of orphan drugs. Soon after in December 2012, Health Canada released an Initial Draft Discussion Document for A Canadian Orphan Drug Framework, which proposed a regulatory framework for orphan drugs, including provisions relating to orphan drug designation, scientific and clinical protocol advice, special market authorization for orphan drugs, and post-market assessment and management. The criteria for orphan designation outlined in the proposed Canadian framework mirror those of the European legislation, with the exception that they do not consider the economic viability of the drug. In particular, the Canadian framework adopts the same prevalence criteria as the European Union legislation in the definition of an 'orphan drug': a drug that 'is intended for the diagnosis, treatment, mitigation or prevention of a life-threatening, seriously debilitating, or serious and chronic disease or condition affecting not more than five in 10 thousand persons in Canada'. 160 As is the case in other jurisdictions, Health Canada's proposed legislation contains a series of incentives including priority review for marketing authorization, 161 fee reductions for small to medium enterprises, and scientific and clinical protocol advice. 162 Currently, the Canadian orphan drug framework is still in the draft discussion phase, and Health Canada has provided only a high-level description of the elements of the proposed framework. As such, it is too early to assess how pharmacogenomics products will be handled under the Canadian orphan drug policy. As the proposed framework is developed and implemented, Canada can learn from the US experience with the ODA and the debate surrounding how rare diseases are categorized and understood in order to maximize the benefits and minimize the potential for abuse of an orphan drug regime. In particular, Health Canada will have to consider how orphan subsets will be defined for the purposes of orphan designation and the terms and conditions for the approval and market exclusivity for orphan drugs. (2014) . Priority review avenues can be a strong incentive for drug developers since the sooner a drug hits the market, the sooner the drug-which is typically running under the patent clock-can begin to generate revenue. 162 Protocol assistance during clinical development is an important incentive for drug developers: due to the difficulties of conducting clinical trials in small patient populations, advice from regulators on how to design clinical trials that can save the sponsor a significant amount of time and money: Herder, supra note 16, at 238.
Orphan Designation Under the draft orphan drug framework, to qualify for orphan designation, the drug must either not currently be authorized for the Canadian market, or if already approved, must 'provide a potentially substantial benefit for the patient distinguishable from the existing therapy'. 163 The proposed framework also permits a sponsor to submit an application for orphan designation on the basis of a designation from a recognized country if the proposed orphan drug and indication in Canada is the same to that under which the foreign designation was issued. 164 As in the US, a single drug may be eligible for multiple orphan designations for different rare diseases. 165 While the draft Canadian framework contains many of the same types of incentives that are currently offered under the US system, there are some important incentives that are not included in the draft framework or that are offered under more restricted terms. First, the financial incentives under the Canadian framework are more restricted. Perhaps most significantly, the ODA offers a tax credit for 50% of the cost of clinical trials, whereas the draft Canadian orphan drug framework does not currently propose any type of specific tax credit for orphan designated drugs. 166 In addition, under the US system, drugs that have been granted an orphan designation are exempt from the application fee that sponsors must normally pay to the FDA when making a regulatory submission; 167 these application fees can be over two million dollars per product depending on the type of application. 168 In contrast, although few details are provided at this stage, the Canadian draft framework proposes only a fee reduction 169 rather than a fee proposed in the Canadian draft framework for orphan drugs would need to be modified to provide an effective incentive for repurposing approved drugs for new orphan indications. Finally, the impact of pharmacogenomics on orphan drug development makes it all the more important to ensure that orphan drug policies be implemented with a high level of transparency and coordination. In introducing the draft orphan drug framework, the Canadian Government stated that 'a key focus of this new approach will be on international information-sharing and collaboration for the development and regulation of orphan drugs '. 190 Specifically, the proposed Canadian orphan drug regulations would 'allow Health Canada to operationally align and participate in wellestablished activities of the US and the European Union including designation, scientific/protocol advice and pre-and post-market information sharing '. 191 Transparency is also addressed through plans to publish the basis for decisions on marketing authorization. As the science of drug development becomes more and more complex, measures to minimize abuse of incentives and to enhance the safety of off-label use by sharing information among regulatory agencies, manufacturers, and the public are essential.
